Background: Previous studies have shown that women younger than 55 years have higher hospital mortality rates after acute myocardial infarction (MI) than agematched men. We examined whether such mortality differences have decreased in recent years.
A
LTHOUGH MYOCARDIAL INfarction (MI) in women occurs predominantly in old age (greater than 65 years), it is not uniquely a disease of elderly women. In the United States, more than 100 000 women younger than 65 years are diagnosed as having acute MI each year, which represents 21% of all acute MI cases in women. 1 Although less common, an MI that occurs at a younger age is associated with a substantial risk of morbidity and mortality in women. In a series of studies [2] [3] [4] beginning in the late 1990s, we reported that younger, but not older, women with MI have higher mortality rates than men of similar age. The risk among women relative to men increases linearly with decreasing age and is not fully explained by differences in MI severity, comorbidity, or treatment. 4 These findings, which since then have been confirmed by many authors, [5] [6] [7] [8] [9] [10] have raised the important question of why younger women, a group traditionally considered at low risk, have a higher risk of adverse events and mortality after MI than agematched men. 11, 12 Many of the reports that examine mortality rates after MI by sex and age were based on patient populations enrolled decades ago. It is possible that the excess mortality in younger women has decreased in recent years because of increasing awareness of heart disease in women, which may have translated into better diagnosis, treatment, and outcomes. 13 On the other hand, recent mortality trends for coronary heart disease have been less favorable for younger than older Americans.
14 These mortality statistics could potentially reflect an increased case-fatality rate that disproportionately affects younger women.
The main purpose of this study was to describe temporal trends in the casefatality rates of MI according to sex and age during a period of approximately 12 years (June 1, 1994, through December 31, 2006). We sought to determine whether improvements in hospital mortality over time were comparable in younger and older patients and in women and men and whether sex differences in mortality after MI among younger patients have decreased in recent years.
METHODS

PATIENTS
The National Registry of Myocardial Infarction (NRMI) was a prospective, observational study of patients hospitalized for acute MI. Participating NRMI hospitals enrolled consecutive patients with acute MI, whether the MI was their first or a recurrent event, as previously described. 15 Case ascertainment and clinical data were validated by comparison with the Cooperative Cardiovascular Project. 16 This report includes 4 subsequent waves of NRMI data collection: 1994-1997, 1998-1999, 2000-2003, and 2004-2006 . Data elements and definitions evolved slightly over time, but core content remained constant. To focus on patients who presented with acute myocardial ischemia, we included only patients whose admission diagnosis was acute coronary ischemia (MI, rule-out MI, or unstable angina) and excluded those who had myocardial injury secondary to surgery, hypotension, or other events after hospitalization. We also excluded patients who were transferred to another acute care hospital (because the outcome of these patients was unknown) and patients who were transferred from other acute care hospitals (because admission data were often missing). The patients transferred in or out were younger (64 vs 68 years), but the proportion of men and women transferred was fairly similar (48% vs 41%). This proportion did not substantially change over time. These exclusions resulted in a final sample of 916 380 patients.
STUDY VARIABLES
Information with regard to study variables ( Table 1 and  Table 2 ) was abstracted from the medical records at each hospital. 15, 17 The degree of ventricular dysfunction was measured by the Killip classification 18 and by left ventricular ejection fraction. The definition of ST-segment elevation MI (STEMI) was given as ST-segment elevation or left bundle branch block (new, unknown, or old) on the first or subsequent 12-lead electrocardiogram. Registry patients whose MI did not meet the definition for STEMI were classified as having nonSTEMI. The outcome of the study was hospital mortality. The numbers in parentheses do not equal the totals for "Men" and "Women" because a small category, "Other Insurance" was omitted from the Table. 
STATISTICAL ANALYSIS
The study period was divided into six 2-year calendar segments from 1994 through 2006. The initial step of the analysis involved the description of patient and hospital characteristics by sex, age, and admission year; to ease the display of descriptive results, age was dichotomized at 65 years, and risk ratios for each characteristic were computed to compare women and men. Next, we plotted hospital mortality rates by sex, age, and time by means of 5 age intervals from younger than 55 years through 85 years or older. The odds ratios (ORs) for hospital death, which compared women to men, were calculated. Next, we used generalized linear models for binomial distribution and logit link to estimate time trends in the ORs of mortality for women compared with men in different age groups, before and after adjusting for covariables. In these models, we used the pooled data across the 4 NRMI waves. A series of nested models were fitted for each age group. In the first model, we included sex, time, and the interaction between sex and time. To test for linear trend for time, time and its interaction with sex were tested as an ordinal variable.
In the second model, we adjusted for age, race, insurance status, ever smoking, medical history (previous angina pectoris, MI, diabetes mellitus, stroke, hypertension, coronary bypass surgery, and percutaneous interventions), and severity characteristics on admission (Killip class, STEMI, systolic blood pressure, pulse, myocardial enzyme levels, and left ventricular ejection fraction). In the third model, we added receipt of aspirin and ␤-blockers in the first 24 hours of admission. Finally, in the fourth model, we adjusted for all these factors plus hospital characteristics (number of beds, medical school affiliation, teaching hospital, urban location, MI volume, hospital ownership, and availability of invasive procedures). This approach allowed us to examine the separate contributions of patients, treatments, and hospital characteristics to the sex differences in hospital mortality over time.
To assess whether the interaction between sex and age on mortality changed over time (ie, whether the excess mortality in younger women vs men decreased or increased with time), we calculated the ratio of the female-to-male ORs of death in the initial period (1994-1995) over the last period (2004) (2005) (2006) for each age group. This ratio describes the excess mortality in women vs men in 1994-1995 relative to [2004] [2005] [2006] . In addition, we refitted each of the 4 models with all the age groups combined and tested the 3-way interaction among sex, age, and time. Because hospital participation in NRMI changed over time, we con- Abbreviations: CABG, coronary artery bypass graft; CK, creatine kinase; CK-MB, creatine kinase MB; HMO, health maintenance organization; PPO, preferred provider organization; PTCA, percutaneous transluminal coronary angioplasty; STEMI, ST-segment elevation myocardial infarction.
a Percentages do not total 100% because of missing values. b The numbers in parentheses do not equal the totals for "Men" and "Women" because a small category, "Other Insurance" was omitted from the Table. ducted a sensitivity analysis restricted to 334 hospitals (of 1964 hospitals) who participated in the NRMI for the full study period, with the inclusion of 348 927 patients. All tests of statistical significance were 2-tailed, and all statistical analyses were performed with SAS statistical software, version 9.1.3, Service Pack 2 (SAS Institute Inc, Cary, North Carolina).
RESULTS
Of the 916 380 patients included in the analysis, approximately 10% of women and 25% of men throughout the study period were younger than 65 years ( Figure 1 ). For both men and women, the overall risk factor profile worsened over time, with proportionally more patients having a history of diabetes, hypertension, hyperlipidemia, and congestive heart failure, whereas the prevalence of STEMI decreased, as previously reported. 19 Irrespective of age, women more often had a history of hypertension than men, whereas men more often had a history of MI or previous revascularization. For other characteristics, however, sex differences were more marked among younger patients. Specifically, women younger than 55 years were more likely than men of similar age to have Medicaid insurance, a history of diabetes, heart failure or stroke, and a higher Killip class on admission; sex differences in these factors were less pronounced among older patients (Table 1 and Table 2 ). Furthermore, for diabetes, hypertension, and Killip class, the sex differences tended to be less pronounced in later years, which suggests that worsening trends for these factors were less marked in women. The sex difference in previous revascularization decreased over time among patients younger than 65 years but not among older patients. In addition, STEMI became less common in women younger than 65 years than in men of similar age in later years, whereas there was no difference in STEMI prevalence among older patients throughout the study period. Time trends in aspirin use in the first 24 hours were similar in women and men, irrespective of age, as they were for ␤-blockers among older patients. However, in 1994-1995, the use of ␤-blockers was less among women younger than 65 years than in their male counterparts; this gap decreased progressively in later years.
Women were less likely than men to undergo coronary catheterization and revascularization procedures during admission; sex differences in procedure use were more pronounced among older patients. However, no difference was seen over time in the sex-related risk ratios for these procedures. Over time, there was a slight increase in the representation of hospitals of larger size, with larger MI volume, and with capability for invasive cardiac procedures. These changes followed similar trends over time by sex and age.
The length of hospital stay decreased over time more in younger than in older patients but in a similar fashion in women and men within age strata. Between 1994 and 2006, the total hospital time in patients younger than 65 years decreased 37.9% (−2.5 days) in men and 35.1% (−2.6 days) in women. Among patients 65 years or older, it decreased 25.0% (−1.9 days) in men and 25.6% in women (−2.0 days). No significant interaction was seen among sex, age, and year, which suggests that the total days in the hospital decreased in a similar fashion by sex and age.
Between 1994 and 2006, hospital mortality rates decreased more in women than in men in virtually all age groups ( Table 3 ). The rate reduction in 2004-2006 relative to the rate in 1994-1995 was particularly pronounced among women younger than 75 years. It was largest in women younger than 55 years (52.9%) and lowest in men younger than 55 years (33.3%). Among patients younger than 55 years, the excess mortality for women was 44.0% larger in 1994-1995 than it was in 2004-2006 (an OR of 1.93 vs an OR of 1.34; Table 4 ). Even when considered in absolute terms, the decrease in the mortality difference by sex was largest in younger patients, even though older patients had a larger absolute mortality decrease given their higher mortality rates. Among patients younger than 55 years, the absolute rate of decrease was 3 times higher in women (2.7%) than in (Table 3) and relative (Table 4) terms, the sex difference in mortality decrease became lower in older patients (P = .004 for the interaction among sex, age, and year). As a result, the excess mortality in younger women compared with men decreased progressively over time (Table 4 and Figure 2A ). Adjustment for comorbidity and clinical characteristics on admission accounted for a large part of the excess mortality of younger women compared with younger men in the entire period by lowering the female-to-male ORs in the younger age groups in each study year (Table 4) (Table 4 ). In contrast, treatment did not explain further the differential mortality trends over time, although it somewhat lowered the mortality difference between women and men in all years ( Figure 2C and Table 4 ). Further adjustment for hospital characteristics had no impact on the women-to-men estimates (Table 4) . When the analysis was restricted to only hospitals that participated in the NRMI for the entire study period, results were similar, which suggests that variations in hospital participation in the NRMI had no substantial impact on our results. Finally, when analyses were restricted to patients without a previous history of MI (n=680 995; 74%), the results remained substantially unchanged, which suggests that our results are not driven by better recognition or treatment of previous MI events. In this subgroup, time changes in comorbidity and clinical features explained 91% of the changes in mortality in younger women relative to men.
COMMENT
Our study documents remarkable reductions in hospital mortality after MI for both men and women during the past decade. However, women experienced larger improvements in mortality than men, with the largest relative improvement among younger women relative to men of similar age. As a result, the higher MI mortality rates for younger women compared with men, although still present, have substantially narrowed during this period.
Whether there are true sex-related differences in mortality after MI or whether they are owing to older age or higher prevalence of coexisting diseases in women has been debated for more than 20 years. Only recently has it become apparent that sex-related mortality differences are confined to younger patients, typically those younger than 60 years. This is an age group in which an MI occurs rarely in women. If women in this age bracket develop an MI, they show higher mortality and complication rates than men, whereas no mortality differences, or even better outcomes for women, are found when older women are compared with older men. [2] [3] [4] [5] [6] [7] [8] [9] [10] The reasons for this age-dependent disparity in mortality are not clear. Although patient characteristics and treatments do not entirely account for it, 3,4 a disproportionate burden of coronary risk factors and comorbidities is a clear feature of younger women with MI, with the inclusion of conditions such as diabetes, heart failure, and previous stroke. These women also tend to be treated less aggressively. 3 On the other hand, indicators of infarct size or severity, such as myocardial enzyme levels, left ventricular ejection fraction, and ST-segment elevation or Q waves on the initial electrocardiogram, tend to be similar or more favorable in younger women than men. 3, 4 Thus, differences in symptom presentation, the accuracy of diagnostic tests for coronary heart disease, or other factors that lead to differential triage, evaluation, or early treatment of younger women with acute ischemia compared with men could contribute to their worse outcome. 20, 21 We hypothesized that better awareness of heart disease in younger women in recent years or improved diagnosis or treatment 13, 22 could have reduced their risk profile compared with men and contributed to lowering the sex difference in mortality. We found that certain clinical factors on admission, particularly history of diabetes, increased less in younger women than men of similar age, whereas STEMI and Killip class decreased more, which led to a narrowing of the sex differences in presentation characteristics over time among younger patients. A reduction of the sex difference in previous revascularization was also noted in younger patients. A large part (93%) of this sharper decrease in mortality of younger women compared with men in recent years was because the risk status of women on admission improved compared with that of men. Such improvement may be due to better recognition and management of coronary heart disease and its risk factors in women before the acute MI event, as suggested by the narrowing in the sex difference in previous revascularization. Given the changing pattern over time, our data also suggest that the excessive burden of risk factors consistently reported in younger women with MI relative to men is in part a result of delay in recognition or treatment rather than being exclusively owing to differential pathophysiologic findings.
Other studies [23] [24] [25] [26] have described decreased mortality after MI in recent years, and most attributed such a decrease to improved treatment. Although in our study use of therapies on the first day of admission helped explain some of the overall sex differences in mortality, they did not account for the differential mortality trends by sex and age. This finding is not surprising because treatment use over time followed similar trends in men and women, both young and old, which confirms our previous observations of no substantial narrowing of differential management of MI by demographic groups in recent years. 26, 27 A number of possible limitations of our study should be mentioned. We only had data on in-hospital mortal- a This is the ratio of the relative risks and is a measure of the interaction between sex and year. It indicates the excess mortality in women vs men in 1994-1995 relative to 2004-2006. b This P value indicates whether there is a significant difference in the trend over time for mortality in comparison between women and men. c This P value indicates whether there is a significant difference in the trend over time for mortality in comparison between women and men according to different age groups.
d Model 2 adjusted for age, race, insurance status, ever smoked, medical history (previous angina pectoris, myocardial infarction, diabetes mellitus, stroke, hypertension, coronary bypass surgery, and percutaneous interventions) and severity characteristics on admission (Killip class, ST-segment elevation myocardial infarction, systolic blood pressure, pulse, myocardial enzyme levels, and left ventricular ejection fraction).
e Model 3, in addition to the variables listed for model 2, adjusted for aspirin and ␤-blocker use in the first 24 hours. f Model 4, in addition to the variables listed for models 2 and 3, adjusted for hospital characteristics (number of beds, medical school affiliation, teaching hospital, urban location, myocardial infarction volume, hospital ownership, and availability of invasive procedures).
ity; therefore, our results may not be extrapolated to long-term outcomes. In addition, because information on prehospital deaths was not available, we were unable to determine whether sex differences in hospital mortality trends were owing to changing patterns of mortality before hospitalization. A decreasing length of hospital stay could also influence mortality trends by inflation of the decrease in in-hospital mortality if deaths occurred more often after discharge. However, this possibility is unlikely to affect our estimates of sex differences because hospital length of stay decreased in a similar fashion in women and men. Detailed patient-level data, such as socioeconomic factors, functional status, and psychosocial factors, which may have an impact on sex differences in mortality, were not available for our analysis. On the other hand, the simplicity of the protocol and the brief case ascertainment form enable the NRMI to be the largest and most contemporary MI registry in the United States. Another limitation is that information with regard to the use of statins was not available early in the registry. Therefore, we were unable to examine whether sex differences in prescription of statins over time could explain sex differences in mortality. The NRMI hospitals lacked independent verification of data collection; however, the data collection process has been validated through a comparison with the Cooperative Cardiovascular Project. 16 Participation in NRMI is voluntary, and participating hospitals tend to differ from those that choose not to participate by being larger, more procedure-oriented centers with an interest in the improvement of quality metrics and processes. 15 Hospital characteristics also slightly changed over time. However, men and women did not differ in the characteristics of their admitting hospital during the entire study period. Therefore, a self-selection of hospitals into the registry should not have introduced bias in our estimate of sex differences in mortality. In fact, addition of hospital data to the statistical models had virtually no impact on the study results.
In conclusion, between 1994 and 2006, women have experienced larger improvements in mortality when hospitalized for MI than men. The mortality reduction relative to men was most pronounced among younger women and is mostly the result of improved risk profile on presentation. As a result, the higher mortality rates of younger women with MI compared with men, as described in earlier years, has narrowed considerably. Disclaimer: Funding agencies had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; or preparation, review, or approval of the manuscript. Additional Information: Neither this manuscript nor one with substantially similar content under our authorship has been published or is being considered for publication elsewhere, except as an abstract. Figure 2 . Unadjusted and adjusted odds ratios (ORs) for death during hospitalization for myocardial infarction in women compared with men, according to age and study period. The unadjusted ORs (A) were derived from the model that included sex; age (5 groups); study admission year (6 groups); the interaction among sex, age, and year; and all lower-level interactions. The ORs adjusted for comorbidity and clinical characteristics (B) were derived from the model that also included age, race, insurance status, ever smoked, medical history, and severity characteristics on admission. The ORs adjusted for comorbidity, clinical characteristics, and treatments (C) were derived from the model that, in addition to all these factors, included aspirin and ␤-blocker use in the first 24 hours.
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